Background: Accumulating studies have demonstrated that the expression of leucine-rich repeats and immunoglobulin-like domains protein1 (LRIG1) is associated with various types of tumors. However, the conclusions of previous studies are not completely consistent. Thus, we conducted this meta-analysis to further explore the authentic value of LRIG1 in cancer outcome and clinical significance. Methods: We systematically searched electronic databases including PubMed, Web of Science, Embase, Chinese National Knowledge Infrastructure and Wanfang database. The hazard ratios (HRs), odds ratio (OR) and 95 % confidence intervals (CI) were calculated for effect measures. Results: 16 qualified studies involving 2043 patients with cancer were enrolled. High LRIG1 expression was associated with a good prognosis in malignant tumors (HR: 0.49, 95% CI=0.39-0.59). Furthermore, positive expression rate of LRIG1 was distinctly lower in cancer tissues than that in normal tissues (OR: 0.09, 95% CI=0.05-0.17). Positive LRIG1 expression was definitely related with smaller tumor size (OR: 1.64, 95% CI=1.11-2.42), early tumor stage (OR: 3.67, 95% CI=1.87-7.21), well degree of differentiation (OR: 4.35,) and negative recurrence (OR: 0.29, 95% CI=0.16-0.53). Conclusions: LRIG1 expression was associated with a good prognosis in terms of overall survival (OS) and might act as a predictive factor for characteristics of cancer patients.
Introduction
Cancer is a leading cause of mortality and a major public health problem worldwide. According to statistical analysis, 1,688,780 new cancer cases and 600,920 cancer deaths are projected to occur in the United States in 2017 [1] . To improve the poor outcome of cancer patients, great efforts have been made on the diagnoses, therapies and prognosis of cancer over the decades. Recently, biomarkers are applied to clinical practice as both predictive and prognostic tools, which play an important role in improving the survival rate of cancer patients [2] .
Depending on the facilities and important function of biomarkers for accurate diagnosis, prognostic evaluation and targeting therapy in tumors, identifying novel biomarkers for predicting prognosis is helpful and necessary.
LRIG1, a single-pass transmembrane protein, belongs to leucine-rich and immunoglobulin-like domains family. Emerging data have emphasized the significance of LRIG1 in cell proliferation, apoptosis, and tumorigenesis. Recent studies have shown that LRIG1 is a tumor suppressor by participating in an
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International Publisher epidermal growth factor (EGF) driven negative feedback loop [3, 4] . LRIGI acts as a negative regulator of ErbB signaling by promoting the ubiquitination and degradation of EGFR [5] . Genetic ablation of LRIG1 up-regulates the expression of ErbB1-3 and contributes to tumor formation [6] . In addition, LRIG1 has been reported to be an independent prognosis factor and predictive marker of clinicopathology in diverse malignancies. High LRIG1 expression is related to high survival rate and long-term outcome in non-small cell lung cancer [7] [8] [9] [10] , oropharyngeal cancer [11] , cervical adenocarcinoma [12] and hepatocellular carcinoma [13] . However, there is no significant correlation in oesophageal carcinoma [14] and ependymoma [15] . Due to the conflicting findings and small sample sizes of most previous studies evaluating the implications of LRIG1 levels in cancer, this meta-analysis was performed to reveal the authentic value of LRIG1 in cancer outcome and clinicopathological characteristics such as advanced tumor stage, recurrence and lymphatic metastasis.
Material and methods

Search strategy
To identify articles applicable for this meta-analysis, two independent reviewers (Qianqian Zhang and Wenhua Shi) performed a systematic search in PubMed, Web of Science, Embase, Chinese National Knowledge Infrastructure (CNKI) and Wanfang database for studies published before January 2018. The following terms through MeSH headings and keywords were used for searching: ("LRIG1 protein" OR "LRIG1" OR "Leucine-rich repeats and immunoglobulin-like domains protein 1") AND ("cancer" OR "tumor" OR "neoplasm" OR "malignancies"). We also searched reference lists of primary literatures manually for additional relevant articles. All searches were restricted to English and Chinese publications.
Selection criteria
The inclusion criteria: (1) reporting LRIG1 expression in cancer tissues; (2) case-control, cross-sectional or cohort studies; (3) histologically and pathologically confirmed patients; (4) evaluating the association of LRIG1 expression with clinicopathological features or patient prognosis in malignant tumors; (5) if multiple studies contained overlap or duplicated data, only the most informative and recent study was included.
The exclusion criteria: (1) animal or cell line studies; (2) reviews, case reports, letters or conference abstracts; (3) unqualified or lack of enough data for further quantification analyses. Two independent reviewers evaluated the full articles for the accuracy of the selection process, and any disagreement was resolved by consensus.
Data extraction and methodological quality assessment
The meta-analysis was conducted according to the PRISMA (Preferred Reporting Items for Systemic Reviews and Meta-Analyses) guidelines [16] . The variables collected from each study were: (1) the name of first author, publication year, country, study design and LRIG1 assessment method; (2) age, sex, numbers of patients, case number of different groups, differentiation degree, lymph node metastasis, tumor node metastasis (TNM) classification, recurrence and human papillomavirus (HPV) status; (3) HR and 95% CI of LRIG1 value for OS was collected from the text or Kaplan-Meier curves. The survival information from Kaplan-Meier curves was extracted using Enguage Digitizer 4.1. The HR and 95% CI were determined following the methods described previously [17, 18] . The Newcastle-Ottawa Scale (NOS) [19] was applied to evaluate the quality of each identified studies. We defined studies with scores no less than 6 as qualified to be included in the meta-analysis (Table 1) .
Statistical analysis
All statistical analyses were performed using the software Stata SE12.0 (StataCorp, College Station, TX, USA). The pooled OR with 95% CI was calculated to estimate the relationships between LRIG1 expression and clinicopathological parameters of malignant tumors. The HR with 95%CIs were used to assess the role of LRIG1 in predicting prognosis of malignant tumors. Heterogeneity among studies was quantified using the chi-squared and I 2 test. I 2 >50% or P<0.05 was defined as significant heterogeneity [20] . The fixed-effect model was used to pool the results with no evident heterogeneity existing. Otherwise, the random-effect model was selected. Furthermore, subgroup analysis and meta-regression were performed to explore the potential source of heterogeneity, using covariates such as research area, tumor type and histology. Sensitivity analysis was conducted by omitting individual studies sequentially to assess robustness of included studies. Funnel plots and Egger's test were applied to evaluate the publication bias [21] . P≥ 0.05 means no publication bias. All P values were 2-tailed.
Results
Literature search
A total of 617 articles were retrieved initially, of which 282 duplicate studies and 190 irrelevant studies were excluded during the initial screening of the titles and abstracts. Subsequently, 113 studies were removed for the following reasons: animal or cell research (n=98); reviews, case reports, letters or conference abstracts (n=12); serum samples (n=3). After this elaborative searching process, we reviewed 32 studies of full text for extracting applicable data, nevertheless, 16 studies were eliminated due to overlapping data, deficient date or low quality. Eventually 16 qualified studies containing 2043 cancer patients were enrolled for further analysis. The flow of literature searching was shown in Figure 1 .
Characteristics of enrolled studies
As shown in Table 1 , the majority of 16 studies [7] [8] [9] [10] [11] [12] [13] [14] [22] [23] [24] [25] [26] [27] [28] [29] were carried out in Asia, including 9 studies in China [7-9, 13, 25-29] and 1 study in Japan [24] . The remaining studies were in Sweden [10-12, 14, 22, 23] . All enrolled studies were published from 2005 to 2017 and the sample size of studies ranged from 38 to 347. There are ten different types of cancers including non-small cell lung cancer [7] [8] [9] [10] , oropharyngeal cancer [11] , cervical cancer [12, 23, 29] , primary vaginal carcinoma [22] , squamous cell carcinoma of skin [24] , oesophageal carcinoma [14] , hepatocellular carcinoma [13] , colon cancer [25, 27] , bladder transitional cell carcinoma [26] and gastric cancer [28] . The expression of LRIG1 was detected by immunohistochemistry (IHC) staining in both cancer and normal tissues.
Prognosis value of LRIG1 in malignant tumors
Seven studies [8, 10-13, 23, 29] comprising 1261 patients investigated the relationship between LRIG1 expression and overall survival (OS) in diverse cancer types ( Table 1 ). The combined HR was 0.49 (95% CI=0.39-0.59) (z=9.35, p<0.001), calculating by a fixed model according to the lake of heterogeneity (I 2 =0.0%) (Figure 2A ). The subgroup analysis based on research area revealed that the HR in Asian was 0.43 (95% CI=0.30-0.56, p<0.001) and in non-Asia region was 0.60 (95% CI=0.42-0.77 p<0.001) ( Figure 2B ). Considering different methods of extracting HR, the subgroup analysis suggested that the HR in group of multivariate was 0.47 (95% CI=0.36-0.59, p<0.001) and in group of estimate was 0.56 (95% CI=0.33-0.78, p<0.001) ( Figure  2C ). These results showed that high LRIG1 expression was associated with a good prognosis in malignant tumors, and different methods of extracting HR did not influence these results.
Association between LRIG1 expression and clinicopathological significance
LRIG1 expression: cancer patients VS normal patient
Seven studies [7, 9, [25] [26] [27] [28] [29] containing 447 cancer patients and 310 normal patients were assessed for the correlation between LRIG1 expression in cancer and normal tissues (Table 2) . A random-effect model was selected due to heterogeneity (I 2 =55.6%, p=0.036) ( Figure 3A ) among studies. Positive LRIG1 expression was distinctly lower in cancer tissues than that in normal tissues (pooled OR: 0.09, 95% CI=0.05-0.17) (z=7.38, p<0.001) ( Figure 3A ). To explore sources of heterogeneity, subgroup analysis stratified by tumor histology and tumor type was conducted. The summary OR in group of adenocarcinoma and non-adenocarcinoma was 0.05 (95% CI=0.03-0.10, p<0.001; I 2 =0.0%, p=0.649) and 0.13 (95% CI=0.06-0.32, p<0.001; I 2 =58.2%, p=0.067), respectively (Table 3 ) ( Figure 3B ). The summary OR in group of digestive system tumor, respiratory tumor and the others was 0.06 (95% CI=0.03-0.11, p< 0.001; I 2 =0.0%, p=0.649), 0.24 (95% CI=0.13-0.44, p< 0.001; I 2 =0.0%, p=0.747) and 0.05 (95% CI=0.02-0.13, p< 0.001; I 2 =0.0%, p=0.804) ( Table 3 ) (Figure 3C ), which demonstrated that tumor type mainly explained the source of heterogeneity. - 
LRIG1 expression and tumor size
The correlation between LRIG1 expression and different tumor size was evaluated in six studies [7, 9, 13, 25, 27, 28] containing 214 cancer patients and 267 normal patients (Table 2) . A fixed-effect model was used and the pooled OR was 1.64 (95% CI=1.11-2.42) (z=2.51, p=0.012) (Figure 4) , implying that positive expression rate of LRIG1 was distinctly higher in cancer tissues of tumor size ≤ 5cm than that in cancer tissues of tumor size > 5cm.
LRIG1 expression and tumor stage
Eleven studies [7-9, 11, 13, 14, 23, 25, 27-29] containing 1194 cancer patients examined the relevance between LRIG1 expression and tumor stage ( Table 2) . A random-effect model was selected due to heterogeneity (I 2 =72.9%, p<0.001) ( Figure 5A ) among studies. The pooled OR was 3.67 (95% CI=1.87-7.21) (z=3.77, p<0.001) ( Figure 5A ), indicating positive rate of LRIG1 expression was distinctly higher in early stage than that in advanced stage. To explore sources of heterogeneity, univariable meta-regression was carried out, founding that research area partly explained the heterogeneity existing in studies (p=0.013) ( Figure 5D ). These results indicated that research area was an important source of heterogeneity.
LRIG1 expression and tumor differentiation
Eight studies [7] [8] [9] [24] [25] [26] [27] [28] containing 623 cancer patients evaluated the correlation between LRIG1 expression and tumor differentiation ( Table 2) . A random-effect model was selected due to heterogeneity (I 2 = 68.5%, p=0.002) ( Figure 6A ) among studies. The pooled OR was 4.35 (95% CI=2.12-8.93) (z=4.00, p<0.001) ( Figure 6A Figure 6C ). The results implied that positive rate of LRIG1 expression was distinctly higher in well differentiation than that in moderate and poor differentiation, and subgroup analysis based on tumor type markedly reduced heterogeneity in each group. 
LRIG1 expression and lymphatic metastasis
The correlation between LRIG1 expression and lymphatic metastasis was examined in six studies [7, 9, 25, [27] [28] [29] containing 395 cancer patients (Table 2) . A random-effect model was selected due to heterogeneity (I 2 =86.6%, p<0.001) (Figure 7 ) among studies. The OR was 0.67 (95% CI=0.15-3.06) (z=0.52, p=0.604) (Figure 7 ), indicating that there was no association between positive LRIG1 expression and lymphatic metastasis.
LRIG1 expression and recurrence
The combined analysis of the correlation between LRIG1 expression and recurrence included three studies [13, 24, 26] containing 223 cancer patients ( Table 2 ). The results showed that positive LRIG1 expression was significantly related with the group of no recurrence (pooled OR: 0.29, 95% CI=0.16-0.53) (z=4.04, p< 0.001) (Figure 8 ), calculating by a fixed model due to a lack of heterogeneity (I 2 =0.0%, p=0.482) (Figure 8 ). 
LRIG1 expression and HPV status
HPV infection is a known risk factor for the carcinomas of female genital tract and the etiological factor of oropharyngeal cancer [30] [31] [32] . Three studies [11, 12, 22] containing 434 cancer patients were assessed for the correlation between LRIG1 expression and HPV status ( Table 2 ). The pooled OR was 3.31 (95% CI =1.74-5.63) (z=3.81, p< 0.001) ( Figure  9A ), calculating by a fixed model ( Figure 9A ). Due to the majority of cases in three studies were female, we also investigated the relationship between LRIG1 expression and gender in seven studies [7, 8, 11, 13, 25, 27, 28] to eliminate the influence of the gender for results. A fixed-effect model was selected according to low heterogeneity (I 2 =22.4%, p=0.258) ( Figure 9B ) among studies. The pooled OR was 0.90 (95% CI =0.66-1.22) (z=0.69, p< 0.488) ( Figure 9B ). These results indicated that there was no association between positive LRIG1 expression and gender. Besides, positive LRIG1 expression was significantly related with the positive HPV status.
Sensitivity analysis and publication bias
Sensitivity analyses were performed to determine the robustness of summarized HR ( Figure  10 ) and overall OR ( Figure 11) . As a result, each individual study had no significantly influence on the pooled analysis. Simultaneously, the Egger's test was used to evaluate the publication bias. The result showed that no publication bias existed in this meta-analysis ( Figure 12, Figure 13 ). 
Discussion
Cancer is one of the prevalent disease with poor prognosis and there is no effective method to predict and prevent the process of tumorigenesis. Detection of biomarkers is a convenient technique for early diagnosis and prediction of cancer. Thus, new strategies for exploring novel biomarkers have attracted great attention worldwide. LRIG1 is an independent prognosis factor and predictive marker of clinicopathology in solid tumors, which has been proved by accumulating evidence. However, there is no consistent results on the effect of LRIG1 in malignant tumors. To resolve the contradiction. This meta-analysis was performed to estimate the prognostic value of LRIG1 expression and its relationship with clinicopathological significance in various cancers.
In this meta-analysis, high LRIG1 expression was significantly associated with longer overall survival, which was consistent with the conclusion of subgroup analysis. These results suggested that LRIG1 was a good prognostic maker in malignant tumors. Meanwhile, LRIG1 expression was obvious lower in cancer tissues than normal tissues and the same result was found with no heterogeneity in subgroup analysis based on type of tumor. High LRIG1 expression was also related with positive HPV status and tumor progression assessed by its significant association with smaller tumor size, early tumor stage, well degree of differentiation and negative recurrence, indicating the predictive value of LRIG1 in clinical characteristics. However, there was no association between positive LRIG1 expression and lymphatic metastasis. In addition, we conducted meta-regression and subgroup analysis, founding that tumor type and research area may explain the source of heterogeneity among the results from a collection of studies.
Though these useful outcomes were found, there were limitations in our meta-analysis. Firstly, some sample size of enrolled studies was small, which were prone to selection bias. Secondly, several survival data were extracted from the K-M survival curves rather than individual subject data, which could lead to overestimation of the prognostic effect. Finally, statistical heterogeneity existed among studies. However, meta-regression and subgroup analysis were conducted to account the source of heterogeneity.
The present meta-analysis demonstrated the prognostic value of LRIG1 in malignant tumors. Furthermore, recent studies have shown that LRIG1 participates in growth factor receptor signaling through inhibition of oncogenic receptor tyrosine kinases, EGFR, MET and RET to suppress the development of cancer [33] [34] [35] . LRIG1 also increases sensitivity of tumor cells to cisplatin, docetaxel and vinorelbine via suppression of EGFR signaling [14] . Estrogen receptor alpha (ERα) up-regulates LRIG1 through direct transcription [36] . In addition, animal experiments have demonstrated that the soluble extracellular part of LRIG1 inhibits glioma growth by interstitial delivery in experimental glioma models and this negative effect of soluble extracellular part of LRIG1 in vivo is largely independent of EGFR status. Based on cell encapsulation technology for in situ delivery and latent anti-tumor effect of soluble extracellular part of LRIG1, it may be a meaningful treatment for glioblastoma in the future [37] .
In conclusion, LRIG1 was a potential biomarker for prognosis of tumor and predictive factor in clinical significance, and the anti-tumor effect of LRIG1 may be a potent development direction in oncotherapy.
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